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Introduction
As China accounts for about a quarter of the world population, changes in income and income inequality in China have important implications to global income inequality. In fact, Milanovic (2002) shows that rising income gap between rural China (together with rural India and Bangladesh) and several large and rich OECD countries, plus the gap between urban China and rural China (and rural India), were the main reasons why the world Gini coefficient increased from 62.8 in 1988 to 66.0 in 1993. This means that any advancement in the measurement of income inequality within China is not only important for understanding the economic development and well-being of the people inside the 'middle kingdom', but also important in the global context. Thereby, it is not surprising that studies on income inequality in China are abundant. 1 This strand of research is predominately empirical and, therefore, data and methodology concerns are inevitably central issues. There are two main types of data sources of income distributions in China: household survey data and grouped data. Although household surveys have been conducted on an annual basis in most provinces since the mid 1980s, the release of unit record data from those surveys is sporadic. For instance, Meng (2004) has access to the unit record data of three urban household surveys conducted in 1988, 1995 and 1999 , with only five provinces in common across all three years; Gustafsson and Li (2002) obtained the unit record data of two rural household surveys conducted in 1988 and 1995, with 18 provinces surveyed in both years. In comparison, aggregate or grouped data are typically available more frequently and usually have a national coverage. In principle, grouped data allow investigation of the change of inequality over longer and continuous periods of time, or identification of patterns of inequality across broader regions. Notwithstanding, a major limitation of grouped data is that only mean (average) income and income share of quintile or decile groups of the population are reported at the provincial level. Directly using grouped data reported in these formats is equivalent to assuming that all individuals in a quintile or decile group having the same income. This potentially underestimates inequality within each province. The distortion could be even more severe when one aggregates provincial data into regional data in order to investigate regional disparities.
The main objective of the paper is to examine levels and trends in inequality in China using income distribution data available in grouped form, with the help of recently developed econometric methods that can fit fairly flexible income distributions to grouped data. Two types of income distributions belonging to the class of generalized beta distributions are employed to model income inequality in rural and urban China and also to model inequality at the provincial level. The generalized-beta distribution is more general and flexible than the lognormal distribution used in past research, and at the same time it relaxes the assumption of an equal distribution of income within quintile or decile groups of the population. The method was recently applied to study income distributions of eight East Asian countries in 1988 and 1993, and proved to be very useful in handling grouped data in these cases (Chotikapanich et al. 2006) . The econometric methodology employed here can be used regardless of whether the income distribution data are in the form of size classes or in the form of income classes. In addition to modelling income distributions for different regions (rural and urban) or for different provinces, the methodology can also be used to generate income distributions for China as a whole, thus making it possible to study income inequality at the national level.
The rest of the paper is organized as follows. Section 2 explains the data sources and describes the income distribution data. Section 3 briefly describes the econometric methodology. Section 4 presents the estimation results and inequality estimates for rural and urban China, and Section 5 provides some concluding remarks.
Data
The current study makes use of published income distribution data on China from various public sources. An attempt is made to use the most recent data so that the results from the current study can be linked to some of the previous studies in assessing the impact of globalization on inequality in China. It is frequently found that distributional data are not available in the most ideal unit record format with survey data at the household level. Most of the published income distribution data are available in an aggregated form where households are grouped into size classes or into income classes. Some of the principal sources of data and a few salient features of the data are discussed here.
Income data are sourced from various issues of the China Statistical Yearbook. In cases where figures for the same year are different in different Yearbooks, the figure from the latest Yearbook is used. Population data are sourced from China Statistical Yearbook 2004 and China Population Statistics Yearbook 2000.
Data for the study of urban and rural inequality
The population is classified as either urban or rural, where urban includes individuals residing in cities and townships. The manner in which income distribution is reported in the China Statistical Yearbook for rural and urban residences is very different. For urban areas, the mean per capita annual income 2 or disposable income for different percentiles of households (size classes) is reported. For instance, in 2002, the 10 per cent of households with the highest income earned about RMB20,200 per capita per year, the next highest 10 per cent households earned about RMB12,600, and so forth. 3 Figure 1 shows the income distributions of urban households in 1987, 1995, and 2002 . The level of income for each percentile is expressed as a ratio of the national average. It therefore eliminates the effects of general inflation on the absolute income measures. The figure shows clear divergence across different urban household income groups over the past one and a half decades. For instance, in 1987, the highest 10 per cent group earned about twice of the lowest 10 per cent group did, the ratio increased to close to three times in 1995, and over six times in 2002. In estimating inequality in urban China, data on the distribution of households are converted into the distribution of persons by using data on household size within each income class. In general it was found that average household size decreased as household income increased. Therefore inequality estimates based on household income distribution data are likely to understate the overall inequality.
In the case of rural areas, the percentages of households grouped by per capita annual net income are reported. For instance, in 2003, 0.49 per cent of the rural households earned RMB100 or below, 0.18 per cent earned RMB100 to RMB200, and so forth. The range of income has changed over the last decade, reflecting the fact that there are substantial increases in nominal household income. However, even after controlling for inflation, the rise in household income is still significant. Figure 2 shows the income results with the existing literature. More importantly, in the China Statistical Yearbook, which is the most widely available data source, there is only information on the percentage of households grouped by per capita income, but not by per capita expenditure. distributions of rural households in 1980, 1990, and 2000, all measured in 1980 price level. 4 For instance, in 1980, only 13 per cent of rural households earned more than RMB300; in 1990, 56 per cent of rural households passed the RMB300 income level, and the figure increased further to 83 per cent in 2000. In summary, for urban areas the percentage of households for each income group is fixed but the mean income for each group varies; for rural areas the income range is fixed but the percentage of rural households that fall within each income range varies over time. The difference in the way the data are reported call for different estimation procedures.
In addition to the income distribution data, data on the size of rural and urban populations have been utilised in combining rural and urban income distributions into a single distribution for the whole country. The actual methodology used in deriving the combine distribution is fully explained in the next section.
Adjustment for price level differences using spatial deflators
As the current study makes use of income data from rural and urban China, it is necessary to make appropriate adjustments for price level differences across rural and urban areas and for price movements over time before combining the corresponding income distributions. For instance, Chen and Ravallion (1996) show that proper accounting for changes in price levels is crucial in estimating inequality in rural China. In this study we construct the necessary price index numbers using a data set recently developed by Brandt and Holz (2006) (hereafter BH). We follow a simple two-step procedure. First, we derive a price index for rural china with urban China as the base for the year 1990 using BH data. 5 For purposes of adjusting the index for other years, we use the urban and rural CPI data to extrapolate the 1990 rural-urban price index to cover other years included in our analysis.
Methodology
Given the nature of income distribution data available in an aggregated form, income shares for different size classes, or population shares in different income classes, we make use of recently developed techniques to fit flexible income distributions to limited aggregated data. 6 In this section we briefly outline the methodology, which essentially involves three stages.
At the first stage, we fit a selected statistical distribution to the income distribution of each population subgroup (rural or urban). We consider two special cases of the generalized beta distribution, namely, the beta-2 distribution and the Weibull distribution. Both of them have been found to adequately describe income distributions. For the urban data where they are in the form of population shares and mean incomes we utilise a recently developed econometric methodology based on the generalized method of moments (GMM) to estimate the parameters of the beta-2 distribution. For the rural data where the available information is in the form of population shares for each income interval we use the simple maximum likelihood approach to the estimation of the Weibull distribution.
In the second stage, we derive national income distributions by combining distributions for urban and rural population subgroups. This approach is based on the notion that the overall distribution is essentially a population-share weighted mixture of income distributions for population subgroups.
Finally, income distributions derived at the national level are used in studying the levels and trends in inequality using Lorenz curves and the estimated Gini coefficients.
Modelling income distributions for population subgroups
We assume that income distributions can be modelled using either beta-2 distribution with three parameters or the Weibull distribution with two parameters. The choice of the distribution and the method of estimation depend on the data available. Both distributions are special cases of the generalized beta distribution. The generalized beta distribution is a flexible distribution and it has been shown to provide a good fit to a variety of empirical income distributions-see McDonald (1984) ; McDonald and Ransom (1979) . Bandourian et al. (2002) compared the performance across countries and over time of different functional forms for income distributions that belong to the family of the generalized beta distribution. They have shown that the Weibull distribution is the best-fitting two parameter special case of the generalized beta distribution.
The beta-2 distribution
A number of generalizations of the normalized beta distribution have been used to fit income distributions (see, for example, McDonald 1984; and Kleiber and Kotz 2003: Ch6) . The one that we adopt here is sometimes known as the beta-2 distribution and has the probability density function (pdf)
where 0, 0 and 0 b p q > > > are parameters and
For the mode of ( ) f y to be nonzero 1 p > is required; for the mean to exist 1 q > is required. Its corresponding cumulative distribution function (cdf) is given by ( )
The function ( , ) t B p q is the cdf for the normalized beta distribution defined on the (0,1) interval. It is a convenient representation because it is commonly included as a readilycomputed function in statistical software. If T is a standard beta random variable defined on the interval (0, 1), then the relationship between T and Y is
The mean, mode and variance of Y are given by 
For future reference we note that the Gini coefficient (see McDonald 1984) is given by
If the parameters , and b p q are known then the distribution is completely known and the Gini coefficient can be computed. So it is sufficient for us to have an estimation procedure to estimate these three parameters.
The Weibull income distribution
The characteristics of the Weibull distribution are as follows. The cumulative distribution function (cdf) is given by ( / ) ( ; , ) 1
It has a probability density function (pdf)
The mean is 1 1
Estimation of income distributions for urban China
For urban China, the data are in the form of mean incomes for different percentiles of households, we fit a beta-2 distribution using the method suggested by Chotikapanich et al. (2006) . Suppose we have N income classes 0 1 Given available data on i y and i c , but not on i a , our problem is to estimate the parameters of a beta-2 distribution, along with the unknown class limits 1 2
The approach we use is to fit a beta distribution to the data such that the sample moments and 
This can be achieved by recognizing that equations (9) and (10) can be rewritten in terms of the beta distribution function as follows.
( ) Chotikapanich et al. (2006) provide details of the estimation procedure which involves minimization of equation (11) with respect to the unknown parameters. The estimation can be done using the non-linear least squares options available in standard econometric package like EViews. 7 Starting values for the non-linear optimization problem are derived using descriptive statistics from the sample relating to the population moments described in equation (3).
In Appendix Table A1 we present the observed income shares of different size classes and the corresponding fitted income shares computed using estimates of parameters of the fitted beta-2 distribution. The fitted shares are quite close to the observed shares. It is shown in Chotikpanich et al. (2006) that the beta-2 distribution used here fits the data better than the lognormal distribution which is routinely fitted to income distribution data. The superior performance can be attributed to the flexible nature of the beta-2 distribution as well as the efficiency associated with the generalized method of moments estimators of parameters. As the basic data, which is in the form sample moments like the observed shares for size classes, is derived from household expenditure surveys with very large samples, the parameters of the beta-2 distribution possess useful asymptotic properties.
Estimation of income distributions for rural China
For rural China, the data are in the form of the proportion of individuals belonging to a given income class. Availability of grouped data in this form means that the likelihood function is in the form of a multinomial distribution with probabilities prescribed by the cumulative distribution function of the assumed income distribution. For an income distribution, the likelihood function is the pdf for a potential sample of numbers of income units in each of the groups, i m . It is given by the multinomial distribution Taking the log of Equation (13) and dividing through by M it can be shown that:
( ) ( ) ( )
Since M and i m are constant the maximum likelihood estimate for θ can be found by maximizing the log-likelihood function
We initially estimated the income distribution assuming that (.) F follows the beta-2 distribution. We found that the estimates were quite unstable. We also found that the correlation between the parameters and b q is very high. This suggests that a twoparameter distribution may be a good representation of the income distribution. We thus choose to use the Weibull distribution for the case of rural data.
Method for combining income distributions for different population subgroups
The methods described in Section 3.1 can be used to fit income distributions to a population subgroup, such as a particular rural or urban region. After estimating the rural and urban income distributions we are in a position to combine them to form a national income distribution. Given rural and urban income distributions each with an income pdf 8 ( ), 1,2 k f y k = , and population proportions k λ , the pdf for the income distribution for the whole China is given by the mixture
The national cumulative distribution function is given by the same weighted average of the country-specific cdf's National mean income is given by
where k μ is defined as ( 1) The Gini coefficient for China is calculated using i η and i F that are obtained from ( ) y η and ( ) F y for a grid of values of y. The expression is:
See Kakwani and Podder (1973: 288) In fact, once the distributions at the regional and national level are derived, the fitted income distributions offer the possibility of undertaking an in-depth analysis of income inequality.
Empirical Results
Given the massive amount of results emanating from the econometric estimations, only key results are presented below. Detailed results are available from the authors upon request. We present the fitted distributions and estimated inequalities computed using rural/urban and provincial data in separate sections. We present the results for urban and rural China, followed by results for the whole country by combining the results from rural and urban regions.
Income distributions and inequality in urban China
Data for the study of urban inequality is in the form of size classes showing mean income of the population (and households) belonging to the poorest 10 per cent, the next 10 per cent, middle income groups, and the richest 20 and the top 10 per cent of the population in urban areas. Income distributions have been fitted using the beta-2 form of the generalized beta distribution which involves three parameters b, p, q. Though the data are available for all the years of 1985 and 1987 to 2003, we present the estimated coefficients for selected years. 10 For purposes of examining trends in inequality, we also obtain the 1981 data for urban area. This data set is different from the rest of urban data and it is in the form of population share in each income interval. The data for 1981 are in the same format as those for rural areas. For this case we estimate the income 9 For purposes of illustration we opted to use Theil's T-measure of inequality. The Theil index is included here as an additional measure to check the robustness of the trends in inequality computed using the Gini-coefficient.
10 It would normally be useful to compute standard errors of the estimated parameters and the Gini and Theil coefficients. Given that estimates of b, p and q are derived using a generalized method of moments type estimator and the fact that the sample size on which the moment conditions are based are quite large (usually the sample sizes are in excess of 30,000 households representing more than 75,000 individuals if the average household size is taken to be around 2.5). The asymptotic standard errors of the estimators are likely to be very small given such large sample sizes. distribution using the maximum likelihood estimation assuming that the distribution follows the Weibull distribution. The parameters of the distribution show accelerated shifts in the income distribution indicated by the changes in the estimated coefficients. Specifically, half of the total increase in the Gini coefficient between 1985 and 2003 took place in the last four years only. 11
In Chotikapanich et al. (2006) , the beta-2 distribution fits the observed data very closely. In Appendix Table A1 , we present the observed and expected income shares for different size classes for urban China for all the years considered in the study. It can be seen that the beta-2 distribution also fits the observed data very well for our case. 12 The density function for urban China in each year can be graphed by using Equation (2) and the estimated parameters , and b p q to compute ( ) f y for a grid of values of y. Shifts in the income distribution are shown in Figure 3 . It is evident from Figure 3 that the location of the distribution has shifted rightward indicating an increase in the mean of the distribution during the study period. These results are consistent with the rapid growth in real per capita income over the reform period.
The shifts in per capita income evidenced in Figure 3 are accompanied by increases in inequality in income as measured by the Gini coefficient, which has nearly doubled from 0.1665 in 1985 to 0.3293 in 2003. 13 We also note that our estimates of the Gini coefficient exhibit a trend similar to that reported by Bramall (2001) , although inequality is somewhat lower for each of the years. Similarly, the Theil index has increased fourfold from 0.0436 in 1985 to 0.1550 in 2003. However, the most important result to report here is the rapidly increasing urban inequality accompanying rapid increases in per capita income, and the acceleration of urban inequality in recent years. Another point worth noting is the gradual change in the shape and location of the income distributions for urban China over the study period. This implies that the use of scalar measures of inequality or reliance on Lorenz curves for the analysis of income distribution is likely to mask potentially useful information on income distributions. 
Income distributions and inequality in rural China
The income distribution data available for our study from the rural region of China is quite different from that available for urban China. Data for rural China is in the form of population shares in different income groups. We also found some internal inconsistencies in the data. 14 As a starting point we tried to estimate the beta-2 distribution using a maximum likelihood estimation. We experienced some serious convergence problems and also found that the estimates were fairly unstable. Further estimates of b and q were highly correlated, indicating that a two-parameter model may be adequate. Based on the excellent performance of the Weibull distribution reported by Bandourian et al. (2002) , we decided to use it and the results are reported in Table 2 .
13 The value of the Gini coefficient is calculated using the expression for Gini coefficient associated with a beta-2 distribution (given in equation 5) and the estimates of parameters presented in Table 1 . Before discussing the results, we briefly comment on the goodness-of-fit of the Weibull distribution. As the data we have here consists of population shares in different income classes, we examine the goodness-of-fit using the observed and estimated population shares presented in the Appendix Table A2 . It is clear from Table A2 that the fits are not as good as that of the beta-2 distribution. 15 We therefore urge caution from the reader in using these results.
An interesting aspect of the result is that most of the increase in the Gini coefficient between 1978 and 2003 took place in the 1980s, which was the early period of reform in China that granted peasants with rights to land and financial assets, and to transferring goods and labour (Yang et al. 1992) . We also point out that the inequality level in rural China was relatively large in 1985 with a Gini coefficient of 0.2995 compared to an urban Gini coefficient of 0.1665. One principal reason for such a large Gini coefficient is inequality between rural regions in different provinces. Furthermore, inequality in rural China in recent years, as indicated by both the Gini coefficient and the Theil index, seems to have stabilized, in great contrast to the acceleration in urban areas. 15 Efforts are continuing to solve the problem of highly correlated parameter estimates when the beta-2 distribution is used. Figure 4 shows the profiles of income distribution in rural China since 1985. While there is a general shift towards the right, the shifts are not as spectacular as in the case of urban China. The mode has shifted from around RMB700 to RMB1200 over the study period.
A comparison of the results in Tables 2 and 3 show that inequality in rural China has been higher than in urban China. However, inequality in urban China has increased so rapidly in recent years that a real possibility is that it will soon bypass that of rural China. The Gini coefficients in Table 2 are fairly similar to those reported by Bramall (2001 Bramall ( ) which are 0.24, 0.26, 0.31 0.34 and 0.35 respectively for the years 1981 Bramall ( , 1985 Bramall ( , 1991 Bramall ( , 1995 Bramall ( and 1999 . Our estimates are also very similar in magnitude to the results reported by Tang (1994) as cited in Tsui (1998) . 16 Therefore, despite the less than satisfactory fit of the Weibull distribution, the overall inequality estimates and the trends implicit are consistent with those reported in recent research. 
Income distributions and inequality in the whole of China
In this study, we examine inequality in China using income distributions fitted separately for the rural and urban regions of China. These regional distributions are then combined using population shares as weights and the methodology described in Section 3.2. In Figure 6 , we present the cumulative distribution functions for rural and urban China and for the country as a whole. Though we have not attempted the task in this study, it should be possible to model the income distribution data generated for the whole of China as a mixture of regionspecific distributions. Table 3 shows the Gini measure of inequality for the two regions and for the country as a whole, derived using the methodology in Section 3.2. Results for China are presented only for the years 1985 to 2003, the only years for which we are able to find the population weights and consistent data. 
Gini coefficient Theil
Source: See text.
It is very clear from Table 3 that inequality has been steadily increasing in both rural and urban China using both the Gini coefficient and Theil index. A more significant aspect of Table 3 is the significant increases in inequality in the whole of China from 1991 with the Gini coefficient and Theil index well above the levels for rural and urban areas. This trend indicates a widening gap between the rural and urban regions, and not just widening inequality within these regions. 17
17 We have not attempted any decomposition analysis of inequality in the whole of China. This has been the subject matter a number of studies including Bhalla et al. (2003) , Gustafsson and Shi (2002) and Wan et al. (2004) . However, as the Theil index is additively decomposable it is possible to measure the contribution of between region (between rural and urban) inequality to over inequality in China. Simple calculations suggest that the contribution of 'between-region inequality' has gone up from around 7 per
Results reported in Table 3 are broadly consistent with estimates of inequality presented in studies by other authors. For example, Kanbur and Zhang (2005) show a Gini coefficient of 0.303 for China for the year 1999. Also, there are many attempts in the past (e.g. Wan et al. 2004 ) to identify the causes of this increase in inequality.
Conclusions
China has experienced a series of structural changes since the late 1970s. The structural changes, induced by economic reform and China's increasing integration with the global economy, are not uniform in both time and spatial dimensions. The early phase of economic reform was concerned with rural areas and product markets. In the 1990s, reforms in urban labour markets and state owned enterprises increased and, more importantly, China's globalization process accelerated, especially in the coastal region. This non-uniform economic restructuring process is observed to be accompanied by rising inequality between the rural and urban areas, and between different regions.
The present study makes use of a recently developed method to estimate income distributions with grouped data (Chotikapanich et al. 2006) . The latest available income distribution data are used to examine the levels and trends in income inequality for rural and urban regions in China. We employ the beta-2 and Weibull distributions from the class of generalized beta distributions to study regional and provincial income distributions. We find that the beta-2 distribution fits particularly well to urban whereas we had difficulty in fitting the beta-2 distribution to data on rural China. We instead employed the Weibull distribution to rural data and found that the fits are good but there is further scope to improve on the fits obtained.
Given that the main objective of the study was to examine the feasibility of using a new econometric method to fit income distributions to grouped data, we have not been able to explore a number of interesting and potentially important aspects of inequality in China. For instance, we have not conducted any decomposition analysis to assess the exact nature of the widening gap between rural and urban regions or to examine the contribution of within-and between-region inequalities to overall inequality in China.
In conclusion, the results reported in this study do clearly demonstrate the feasibility of fitting fairly flexible income distributions to grouped income distribution data, thereby providing a technique which can we be used to answer these and other important inequality questions in the near future.
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